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METHOD AND AN APPARATUS FOR
EVALUATING SMALL DELAY DEFECT
COVERAGE OF A TEST PATTERN SET ON
AN IC

TECHNICAL FIELD

This application 1s directed, 1n general, to testing integrated

circuits (ICs) and, more specifically, to evaluating the effec-
tiveness of 1C testing for small delay defects (SDD).

BACKGROUND

Automatic Test Pattern Generation (ATPG) 1s used to find
a test pattern (an 1input or test sequence) that, when applied to
an IC, allows a tester to determine between correct circuit
behavior and faulty circuit behavior caused by defects. The
generated test patterns can be used to test ICs after manufac-
ture (1.e., manufacturing testing). The effectiveness of ATPG
1s often measured by the amount of modeled defects (i.e.,
fault models) that are detected and the number of generated
patterns (1.¢., pattern count).

Due to, for example, increased complexity and smaller
feature sizes, testing chips (1.e., ICs) for manufacturing
defects 1s becoming increasingly difficult. In addition to the
increased transistor count, the use of new technology for the
ICs can introduce new defect types which can lead to new
types of defect tests. Along with the conventional stuck and
transition fault models, accurate modeling and detection of
timing related defects caused by process variation, power
supply noise, crosstalk, design-for-manufacturing (DFM)
related rule violations (such as single via nets) 1s critical to
guarantee that manufactured silicon 1s defect free and does
not posses a quality and reliability risk. As such, testing for
fine delay defect or small delay detects (SDDs) 1s becoming
a growing concern in the semiconductor industry. SDDs are
defects that cause small delays relative to the timing margins
allowed by the maximum operating Ifrequency of an IC
design.

Several EDA companies have launched commercial tools
for supporting test pattern generation for screening SDD. To
target SDDs, timing-aware ATPG tests have been developed.
In timing-aware pattern generation, timing information 1s
integrated, (e.g., from standard delay format (SDF) files) into
the ATPG tool. The integrated timing information 1s used to
guide the ATPG tool to detect faults through the longest paths
of the IC 1n order to improve the ability to detect SDDs. Fault
simulation uses the same timing information when grading
the tests. Fault simulation, also referred to as fault grading, 1s
performed to estimate fault coverage of the generated test
patterns with respect to an IC. ATPG tools may measure and
report the SDD coverage for a given set of test patterns

according to metrics. Two such metrics are delay test cover-
age (DTC) and statistical delay quality level (SDQL).

SUMMARY

One aspect provides a method for evaluating SDDC of a set
of test patterns on an IC. In one embodiment, the method 1s
performed by a computer and includes: (1) selecting a tran-
sition fault of an 1integrated circuit detected by a test pattern
set, the transition fault occurring at a fault site of the inte-
grated circuit, (2) identitying path delays of a longest testable
path and a longest tested path of the integrated circuit,
wherein both the longest testable path and the longest tested
path include the fault site, (3) determining a small delay
defect detection probability for both the longest testable path

10

15

20

25

30

35

40

45

50

55

60

65

2

and the longest tested path based on a probability that a small
delay defect will be detected if present at the fault site and (4)

calculating small delay defect coverage for the transition fault
by dividing the small delay defect detection probability of the
longest tested path by the small delay defect detection prob-
ability of the longest testable path.

In another embodiment, a test pattern evaluator 1s pro-
vided. In one embodiment, the test pattern evaluator is
embodied as a plurality of 1nstructions on a computer-read-
able storage medium that when the plurality of instructions
are executed by a processor cause the processor to evaluate
small delay defect coverage of a test pattern set, and the test
pattern evaluator includes: (1) a delay determiner configured
to 1dentily path delays of a longest testable path and a longest
tested path of an integrated circuit for each transition fault
detected by a test pattern set, wherein the longest testable path
and the longest tested path for the each transition fault include
a fault site of the each transition fault and (2) a small delay
defect coverage calculator configured to determine small
delay defect coverage for the test pattern set by summing, for
the each transition fault, a fault probability detection factor
obtained by dividing a small delay defect detection probabil-
ity of the longest tested path by a small delay defect detection
probability of the longest testable path.

In yet another aspect, an apparatus for evaluating SDDC of
a set of test patterns on an IC 1s disclosed. In one embodiment,
the apparatus includes: (1) circuitry for selecting a transition
fault of an integrated circuit detected by a test pattern set, the
transition fault occurring at a fault site of the integrated cir-
cuit, (2) circuitry for identitying path delays of a longest
testable path and a longest tested path of the integrated circuit,
wherein both the longest testable path and the longest tested
path include the fault site, (3) circuitry for determining a
small delay defect detection probability for both the longest
testable path and the longest tested path based on a probability
that a small delay defect will be detected 11 present at the fault
site and (4) circuitry for calculating small delay defect cov-
erage for the transition fault by dividing the small delay defect
detection probability of the longest tested path by the small
delay defect detection probability of the longest testable path.

BRIEF DESCRIPTION

Reference 1s now made to the following descriptions taken
in conjunction with the accompanying drawings, in which:

FIG. 1 1illustrates a flow diagram of an embodiment of a
method to evaluate SDD coverage for a test pattern set carried
out according to the principles of the present disclosure;

FIG. 2 illustrates a graph representing delay defect distri-
bution data, H(s);

FIG. 3 illustrates a graph representing delay defect detec-
tion probability data G(s);

FI1G. 4 1llustrates a portion of an IC having a transition fault
at a Tault site and two paths through the fault site that are the
longest testable path and the longest tested path;

FIG. 5A 1illustrates a bar chart showing the distribution of
the longest tested path length for all of the faults detected by
a test pattern set;

FIG. 5B 1llustrates a graph showing the SDDC of the test
pattern set 1n FIG. SA for different values of a test clock
period;

FIG. 6 1llustrates a graph representing the longest testable
path and the longest tested paths of modules of an IC having
multiple detected transition faults;

FIG. 7 illustrates another graph representing the longest
testable path and the longest tested paths of modules of an IC
having multiple detected transition faults; and
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FIG. 8 1s ablock diagram of an embodiment of a test pattern
evaluator constructed according to the principles of the
present disclosure.

DETAILED DESCRIPTION

The DTC metric and the SDQL metric may present prob-
lems when determining the SDD coverage of a test set. For
example, the DTC metric does nottake into account the effect
of test timing on SDD coverage of atest set. DTC1s also based
on the underlying assumption that delay defects of all sizes
have equal probability of occurrence. In general, however,
delay defects of smaller sizes have higher probability than
delay defects of larger sizes. Furthermore, when comparing
two sets of test patterns, the test set with a higher value of
DTC metric does not necessarily imply that it has higher
coverage of small delay defects. Due to these shortcomings,
the D'TC metric may not be a good choice for evaluating and
comparing the effectiveness of a set of test patterns for screen-
ing SDD.

Regarding SDQL, the SDQL metric 1s not normalized to
the total number of faults 1n a circuit. Additionally, the SDQL
metric represents the expected test escape level for a product
due to delay defects mstead of measuring the SDD coverage
of a set of test patterns. As such, a fixed SDQL number cannot
be used to specily the customer quality requirement, as the
SDQL number might be totally unachievable for some
designs depending on the size and system speed, even though
the test set might have acceptable coverage for SDD.

Accordingly, this disclosure addresses evaluating the SDID
coverage (1.e., small delay defect coverage (SDDC)) of a set
of test patterns. The disclosure provides a method that allows
the comparison of SDD coverage of test patterns to assist in
determining the test patterns to use during SDD testing, even
when the test patterns are generated using various methods.
The disclosed method can also be used to order test patterns
according to their SDD coverage so that when test patterns
need to be truncated to fit on a particular tester, the best
patterns can be selected. The disclosed method can also be
used to specity customer quality requirements since the dis-
closed metric can accurately measure SDD coverage and 1s
scalable with design parameters.

FI1G. 1 1s a flow diagram of an embodiment of a method 100
performed by a computer to evaluate SDDC for a test pattern
set carried out according to the principles of the present
disclosure. The method 100 may be performed by a computer.
In one embodiment a dedicated computing device may be
designed to perform the method 100. The method 100 begins
in a step 1035.

In a step 110, a set of test patterns and a list of transition
taults detected by the set of test patterns are received. The set
of test patterns and the associated transition fault list may be
obtained from an ATPG tool. The set of test patterns may
include typical test patterns that are used to test for transition
faults 1n ICs. In one embodiment, the set of test patterns
includes multiple test patterns.

In a step 120, a fault tested by the test pattern set, (1.e., a
detected transition fault, fault 1) 1s selected. The order of
selecting a tested fault may vary. In one embodiment, the first
fault selected may be the first fault listed on the list of transi-
tion faults that 1s received.

After selecting a tested fault, the delay of the longest test-
able path through the fault site of the selected fault and the
delay of the longest tested path through the fault site of the
selected fault are identified in a step 130. To identily the
delays associated with the longest testable path and the long-
est tested path, the method 100 may 1terate through the list of
all testable paths through the fault site of the selected fault.
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Step 130 may be performed by commercial ATPG tools. In
one embodiment, the ATPG may determine the longest test-
able path and the delay of the longest tested path by selecting
a testable path for the fault 1 and calculating the test slack for
the path 11 the path 1s the longest tested path. It the selected
path 1s not the longest tested path, then the system slack for
the selected path 1s calculated and the minimum system slack
1s updated accordingly. The iteration may continue until there
are no remaining paths through the fault site for the fault 1.

After identifying the delays of the longest testable path and
the longest tested path through the fault site of the tested fault
1, the method 100 continues to a step 140 that calculates, for
both of the paths, the probabaility that a SDD will be detected
if there 1s a defect present at the fault site. In one embodiment,
the probability of detection for both of the paths 1s based on
delay defect distribution data. The delay defect distribution
data may be historical data based on previous testing. The
historical data may be specific to an IC design.

In one embodiment where delay detect distribution data 1s
available, determining the probability of detecting a SDD
may be calculated according to Equation 1 below:

me(.s)cfs

G(s) = =2 .
) ffH(s)ds

Equation 1

In Equation 1, G(s) 1s the delay defect detection probability
of a delay defect of size s and H(s) 1s the probability of a delay
defect of size s occurring. For example, the graph 1llustrated
in FI1G. 2 represents the delay defect distribution, H(s), having
a y-axis that 1s the defective parts-per-million (DPM) and an
x-axis that 1s the size of the delay defect 1n nanoseconds (ns).
FIG. 3 illustrates the delay defect detection probability G(s)
having a y-axis that 1s the probability and an x-axis that 1s the
delay defect size. Employing FIG. 2, the probability of a
delay defect the size of 2 nanoseconds equals 50 in one
million or 0.00005. Emploving FIG. 3, 1f a delay defect does
occur, the probability that the delay 1s of a size of 2 nanosec-
onds or more 1s 0.7.

The delay defect detection probability G(s) may be com-
puted as a pre-processing step employing Equation 1 and
delay defect distribution data, such as from FIG. 2. Foradelay
defect size of zero (0), the delay defect detection probability
G(s) would be one (G(0)=1). Additionally, 11 the delay defect
has a negative value, the delay defect detection probability
G(s) would be zero (G(negative values)=0).

When delay defect distribution data is not available, the
probability that a SDD 1s detected in both paths may be
assigned a value equal to the square of the path delay for both
paths. For example, 11 the length of the longest tested path 1s
four (4) nanoseconds, then the probability that a SDD 1s
detected 1n the longest tested path 1s assigned a value of 4x4
or 16 nanoseconds. If the length of the longest testable path 1s
seven (7) nanoseconds, then the probability that a SDD 1s

detected 1n the longest testable path 1s assigned a value of 7x7
or 49 nanoseconds.

The small delay defect coverage (SDDC) for the selected
fault 1s then computed 1n a step 150. In one embodiment
where delay defect distribution 1s available, the SDDC for the
selected fault may be calculated by dividing the SDD detec-
tion probability of the longest tested path through the fault
under test clock conditions with the SDD detection probabil-
ity of the longest testable path through the fault under system
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clock conditions. For example, Equation 2 below may be used
to determine the SDDC for a single fault when delay detect
distribution data 1s available.

SDDC=G(1'rxc—tested path length)/G( 7 cy—length of

longest testable path) Equation 2.

In Equation 2, Ty 1s the system clock period and T /<18
the test clock period. As such, Equation 2 may also be
expressed as Equation 2A:

SDDC=G(test slack)/G(minimum slack)

When delay defect distribution data 1s not available, then
the SDDC {for a single fault may be determined by dividing
the assigned value for the probability of the longest tested
path by the assigned value for the probability of the longest

testable path. Equation 3 represents the SDDC for a fault
when delay defect distribution data 1s not available.

Equation 2A.

SDDC=(P,*/(P

FRCEX )

Equation 3.

In Equation 3: P,=(length of observation path (1.e., longest
tested path) through fault )+(T,,-T,.); T, 1s the system
clock period; T, . 1s the test clock period; and P_ . 1s the
length of the longest testable path through fault 1.

The SDDC for all of the selected tested faults 1s then
computed by summing the SDDC for all of the individual
selected faults 1 a step 160. The SDDC for all the selected
faults may be calculated by adding the SDDC for the selected
tault 1 with the existing value of the SDDC {for all the selected
faults according to Equation 4:

SDDC,47,,=SDDC, 4, ,+SDDC(i) Equation 4.

A determination 1s then made 1n a first decisional step 170
if there are any tested faults that have not been selected. If
there are no other tested faults that have not been selected,
then the total SDDC coverage value for the test pattern set 1s
determined 1n a step 180. In one embodiment, the total SDDC
coverage value (SDDC ,,;,) for the test set 1s determined
by assigning SDDC coverage values of 1 for all shift testable
taults (F,;1n Equation 5 below), adding the SDDC values of
all the detected faults and the shift testable faults and dividing
by the total number of faults detected in the IC to place the
total SDDC coverage value for the test set in a percentage.
Equation 5 below represents the calculation where F repre-
sents the total number of faults detected by the test set.

SDDC, 70747y~ (SDDC 4z1+F pr) F*100 Equation 5.

With respect to the probability of detection, Equation 5 can
be written in the form of Equation 5A.

) ] Equation 5A

[ Fpng
G( test ZI IE.S‘I‘E’d) p4 100

Z G( Tsysrf:m ijmax )

A =1 /

SDD CTFHE

—+ }?EH' X

The variables of Equation 5A are defined below:

I'eszeq: Length for tested path for fault i;

llpmx Length of longest testable path for fault 1;

I stem: System clock period;

T, .. Test clock perlod

G(s): Delay defect size probability for delay defect size s;

F,,.: Number of transition faults detected by test pattern set
(e.g., ATPG patterns);

F,, Number of faults detected by implication (shift test-
able faults);

F: Total number of faults (1.e., F 5 +F ;).

Without delay defect distribution data, SDDC, 57, may

be determined by the following Equation 5B:
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\ ] Equation 5B
x 100,

(P)*

(}1ﬂaxi)2
A =1 /

SDDC = + Fpp| X

In other words, G(s) of the longest tested path and G(s) of
the longest testable path in Equation 5A are replaced by (P,)”
and (P, ) in Equation 5B.

After determining the SDDC 7577, test patterns ot the set
ol test patterns are placed 1n order according to their SDDC 1n
a step 185. The method 100 can monitor and record the SDDC
for each test pattern of the test pattern set while determining
the SDDC ;5747 An ordered list ot the test patterns accord-
ing to SDDC may allow the truncation of certain test patterns
in order to comply with a particular tester. The test patterns
having the highest SDDC value can be selected and employed
when testing a manufactured IC.

After determining the SDDC ,474;  for the test pattern set,
the best, or preferred, value for the test clock speed may be
determined 1n a step 190. The test clock speed can be varied
in Equation SA or 3B to be faster than the system clock speed
to determine the preferred value of the test clock speed. The
preferred clock speed value 1s the test clock speed that
achieves the highest SDDC.

An example of this analysis 1s 1llustrated in FIG. SA and
FIG. 5B for a small circuit consisting of 40 faults. FIG. 5A
illustrates a bar chart showing the distribution of the longest
tested path length for all of the faults detected by a test pattern
set. FIG. 3B 1s a graph that illustrates the SDDC of the test
pattern set for different values of a test clock period. Two
cases are considered and 1llustrated. The first case 1s when the
system clock 1s 12 ns and the second case 1s when the system
clock 1s 10 ns. FIG. 5B 1llustrates that for both of the first and
second cases, the highest coverage 1s achieved for a test clock
period ol 9 ns.

The method 100 then ends 1n a step 195. Returning now to
the decisional step 170, 1f there are still remaining tested
taults, the method continues to step 120. The method 100 then
proceeds as described above.

Implementation of the method 100 1s now shown through
the following examples. In FIG. 4, the illustrated IC path has
multiple logic elements. Additionally, multiple flip-tlops,
FF1, FF2, FF3, FF4 and FF5, are used along the IC path for
applying and retrieving a test pattern. A transition delay fault
detected by a test pattern at the fault site 1s also indicated 1n
FIG. 4. Two paths, Path A and Path B are also indicated. Path
A 1s the longest testable path passing through the fault site and
Path B 1s the longest tested path passing through the fault site.
As 1llustrated, the minimum slack between the longest path
and the system clock 1s two nanoseconds (ns). Additionally,
the test slack between the longest tested path and the test
clock 1s six nanoseconds. The minimum slack (2 ns) and the
test slack (6 ns) are also reflected in FIG. 4.

Returning now to FIG. 4 and Equation 2A, the SDDC for a
single fault when delay defect distribution data 1s present may
be calculated as follows:

SDDC=G(test slack)/G(minimum slack)=G(6 ns)/G(2
ns).

Additional examples for determining the SDDC at the
chup-level or for an IC employing Equation SA are presented
below with respect to the graphs of FIGS. 6 and 7 that illus-
trate the longest testable path and longest tested paths of two
ICs named module A and module B. In FIG. 6, the two ICs
having same design margin are represented. In Module A,

three faults, 11, 12, and 13, are i1llustrated. In Module B, four
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faults, 11, 12, {3 and 14, are 1llustrated. The SDDC for Module
A 1s calculated to have a value o1 20%. The SDDC for Module
B 1s calculated to have a value of 34%.

The example shown 1n FIG. 6 compares two circuits with
same speeds but different number of faults. Module-A has 3
faults and Module-B has 4 faults. For both circuits the system
clock period and test clock period are 10 ns. Also the longest
testable paths through all faults 1n both circuits are 10 ns long.
The longest tested path through each of the faults 1s shown 1n
FIG. 6. From FIG. 6, it can be seen that all the faults in
Module-B are tested along longer paths than the faults 1n
Module-A. Thus, the test for Module-B achieves a higher
quality of small delay defect testing than the test for Module-
A. This conclusion 1s also supported by the SDDC value

computed using our proposed method which 1s 20% for Mod-
ule-A and 34% for Module-B.

In FIG. 7, two modules, Module A and Module B of an IC
are represented with both modules having the same number of
faults, three, but having different design margins. Module A
has three faults detected, 11, 12, 13, and has a system test clock
of 10 nanoseconds. Module B also has three faults detected,
11, 12, 13, and has a system test clock of 12 nanoseconds. The
SDDC for Module A 1s calculated to have a value of 69%. The
SDDC for Module B 1s calculated to have a value of 43.5%.

FI1G. 8 1s ablock diagram of an embodiment of a test pattern
evaluator 800 constructed according to the principles of the
present disclosure. The test pattern evaluator 800 may be
constructed with the necessary circuitry to perform each of
the steps of the method 100. In one embodiment, the test
pattern evaluator 800 may be embodied as a plurality of
istructions on a computer-readable storage medium that,
when executed by a processor, cause the processor to evaluate
small delay defect coverage of a test pattern set. Additionally,
the test pattern evaluator 800, or at least a portion thereof, may
be part of an ATPG tool. In another embodiment, the test
pattern evaluator 800 may be a dedicated device. The test
pattern evaluator 200 includes a delay determiner 810 and a
SDDC calculator 820.

The delay determiner 810 1s configured to identify path
delays of a longest testable path and a longest tested path of an
IC for each transition fault detected by a test pattern set. The
test pattern set includes multiple test patterns. The longest
testable path and the longest tested path for each transition
fault include a fault site of the transition faults. Thus, both the
longest testable path and the longest tested path for each
transition fault pass through the fault site of the transition
fault.

The SDDC calculator 820 1s configured to determine the
SDDC for the test pattern set by summing, for each transition
tault, a fault probability detection factor obtained by dividing
a SDD detection probability of the longest tested path by a
SDD detection probability of the longest testable path. In one
embodiment, the SDDC calculator 820 1s configured to deter-
mine the SDD detection probability for the longest testable
path and the longest tested path based on a probability that a
SDD will be detected 1f present at the fault site.

In another embodiment that does not have probabaility data,
the SDDC calculator 820 1s configured to assign a value for
the SDD detection probability for both the longest testable
path and the longest tested path based on the path delays of the
longest testable path and the longest tested path. The assigned
values may be equivalent to the square of the path lengths.

The SDDC calculator 820 1s further configured to deter-
mine a SDDC value of the test pattern set by adding the SDDC
values for transition faults and the SDDC values for the shift
testable faults. The SDDC calculator 820 may assign SDDC
values of one for shift testable faults of the IC detected by the
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test pattern set. In one embodiment, the SDDC calculator 820
1s also configured to determine a preferred test clock speed for
the test pattern set by varying a test clock speed. The test clock
speed can be varied to a speed greater than a speed of the
system clock of the IC. The SDDC calculator 820 may be
configured to generate electrical signals to provide the SDDC
values and the preferred test clock speed. The electrical sig-
nals may be used to provide a visual display, an audible
announcement, a print-out or transmit the SDDC values and
the preferred test clock speed to another device. The test
pattern evaluator 800 may include a display to provide an
output.

The SDDC metric disclosed herein considers the length/
slack of observation paths for detected faults. Additionally,
the SDDC metric considers the efiects of loose as well as
faster than at-speed test timing. Delay defect distribution data
1s incorporated nto the SDDC value 11 the data 1s available.

The disclosed SDDC metric provides a percentage value
between 0 to 100% that should be easy to iterpret and scal-
able with chip size/number of faults. I all timing non-redun-
dant faults are observed along their longest testable paths, the
metric should evaluate to 100%. An SDDC value greater than
100% may indicate detection of timing redundant delay
defects (reliability screening).

The above-described apparatus and methods may be
embodied 1n or performed by various conventional digital
data processors or computers, wherein the computers are
programmed or store executable programs of sequences of
soltware instructions to perform one or more of the steps of
the methods, e.g., steps of the method of FIG. 1. The software
instructions of such programs may be encoded 1n machine-
executable form on conventional digital data storage media,
¢.g., magnetic or optical disks, random-access memory
(RAM), magnetic hard disks, flash memories, and/or read-
only memory (ROM), to enable various types of digital data
processors or computers to perform one, multiple or all of the
steps of one or more of the above-described methods, e.g.,
one or more of the steps of the method of FIG. 1. Additionally,
an apparatus, such as a test pattern evaluator, may be designed
to include the necessary circuitry to perform each step of the
method of FIG. 1.

Those skilled in the art to which this application relates will
appreciate that other and further additions, deletions, substi-
tutions and modifications may be made to the described
embodiments.

What 1s claimed 1s:

1. A method performed by a processor for evaluating small
delay defect coverage of a set of test patterns on an integrated
circuit, comprising the following steps:

(a) selecting a transition fault of an integrated circuit
detected by a test pattern set, said transition fault occur-
ring at a fault site of said integrated circuit;

(b) identitying path delays of a longest testable path and a
longest tested path of said integrated circuit, wherein
both said longest testable path and said longest tested
path include said fault site;

(c) determining a small delay defect detection probability
for both said longest testable path and said longest tested
path, wherein said small delay defect detection probabil-
ity for said longest testable path i1s a probability thati1f a
delay defect occurs, said delay defect at said fault site 1s
equal to or greater than a difference between a system
clock period and a path delay of said longest testable
path and said small delay detection probability for said
longest tested path 1s a probability that 1f a delay defect
occurs, said delay defect at said fault site 1s equal to or
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greater than a difference between a test clock period and
a path delay of said longest tested path; and

(d) calculating small delay defect coverage for said transi-
tion fault by dividing said small delay defect detection
probability of said longest tested path by said small 5
delay defect detection probability of said longest test-
able path;

wherein step (¢) 1s performed by said processor.

2. The method as recited in claim 1 further comprising
determining said small delay defect detection probability for 10
both said longest testable path and said longest tested path
according to delay defect distribution data.

3. The method as recited in claim 2 further comprising
assigning a value, when said delay detect distribution data 1s
unavailable, for said small delay defect detection probability 15
for both said longest testable path and said longest tested path
based on said path delays of said longest testable path and said
longest tested path.

4. The method as recited in claim 1 further comprising
repeating steps (a), (b), (¢) and (d) for additional transition 20
taults detected by said test pattern set.

5. The method as recited in claim 4 further comprising
summing said small delay defect coverage for said transition
tault with additional small delay detfect coverages calculated
for said additional transition faults to obtain a small delay 25
detect coverage for all transition faults detected by said test
pattern set.

6. The method as recited 1n claim 5 further comprising
assigning small delay defect coverage values of one for shift
testable Taults of said integrated circuit detected by said test 30
pattern set.

7. The method as recited in claim 6 further comprising
determining a total small delay detect coverage value of said
test pattern set by adding said small delay detect coverage for
said all transition faults and said small delay defect coverage 35
values for said shift testable faults.

8. The method as recited 1n claim 1 wherein said test pattern
set includes multiple test patterns.

9. The method as recited in claim 1 further comprising
determining a preferred test clock speed for said test pattern 40
set by varying a test clock period.

10. A test pattern evaluator embodied as a plurality of
instructions on a non-transitory computer-readable storage
medium that when said plurality of instructions are executed
by a processor cause said processor to evaluate small delay 45
defect coverage of a test pattern set, said test pattern evaluator
comprising;

a delay determiner configured to 1dentity path delays of a
longest testable path and a longest tested path of an
integrated circuit for each transition fault detected by a 50
test pattern set, wherein said longest testable path and
said longest tested path for said each transition fault
include a fault site of said each transition fault; and

a small delay defect coverage calculator configured to
determine small delay defect coverage for said test pat- 55
tern set by summing, for said each transition fault, a fault
probability detection factor obtained by dividing a small
delay detect detection probability of said longest tested
path by a small delay defect detection probability of said
longest testable path, wherein said small delay defect 60
detection probability for said longest testable path 1s a
probability thatif a delay defect occurs, said delay defect
at said fault site 1s equal to or greater than a diflerence
between a system clock period and a path delay of said
longest testable path and said small delay detection 65
probability for said longest tested path 1s a probability
that 11 a delay defect occurs, said delay defect at said
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fault site 1s equal to or greater than a difference between
a test clock period and a path delay of said longest tested
path.
11. The test pattern evaluator as recited in claim 10 wherein
said small delay defect coverage calculator 1s further config-
ured to determine said small delay defect detection probabil-
ity for said longest testable path and said longest tested path
based on a probability that a small delay defect will be
detected 1f present at said fault site.
12. The test pattern evaluator as recited 1n claim 11 wherein
said small delay defect coverage calculator 1s configured to
determine said small delay defect detection probability for
both said longest testable path and said longest tested path
according to delay defect distribution data.
13. The test pattern evaluator as recited in claim 12 wherein
said small delay defect coverage calculator 1s configured to
assign a value, when said delay defect distribution data 1s
unavailable, for said small delay defect detection probability
for both said longest testable path and said longest tested path
based on said path delays of said longest testable path and said
longest tested path.
14. The test pattern evaluator as recited 1n claim 10 wherein
said small delay defect coverage calculator 1s further config-
ured to assign small delay defect coverage values of one for
shift testable faults of said integrated circuit detected by said
test pattern set.
15. The test pattern evaluator as recited in claim 14 wherein
said small delay defect coverage calculator 1s further config-
ured to determine small delay defect coverage value of said
test pattern set by adding said small delay detect coverage and
said small delay defect coverage values for said shiit testable
faults.
16. The test pattern evaluator as recited 1n claim 10 wherein
said test pattern set includes multiple test patterns.
17. The test pattern evaluator as recited 1n claim 10 wherein
said small delay defect coverage calculator 1s further config-
ured to determine a preferred test clock speed for said test
pattern set by varying a test clock period.
18. An apparatus for evaluating small delay defect cover-
age of a set of test patterns on an integrated circuit, compris-
ng:
circuitry for selecting a transition fault of an integrated
circuit detected by a test pattern set, said transition fault
occurring at a fault site of said integrated circuit;

circuitry for identifying path delays of a longest testable
path and a longest tested path of said integrated circuit,
wherein both said longest testable path and said longest
tested path include said fault site;

circuitry for determining a small delay defect detection

probability for both said longest testable path and said
longest tested path, wherein said small delay defect
detection probability for said longest testable path 1s a
probability that 11 a delay defect occurs said delay defect
at said fault site 1s equal to or greater than a difference
between a system clock period and a path delay of said
longest testable path and said small delay detection
probability for said longest tested path 1s a probability
that 1t a delay defect occurs, said delay defect at said
fault site 1s equal to or greater than a difference between
a test clock period and a path delay of said longest tested
path; and

circuitry for calculating small delay defect coverage for

said transition fault by dividing said small delay defect
detection probability of said longest tested path under
test clock conditions by said small delay defect detection
probability of said longest testable path under system
clock conditions.
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19. The apparatus as recited 1n claim 18 further comprising
circuitry for determining a total small delay detect coverage
value for said test pattern set as a percentage value based on
all faults detected by said test pattern set, a sum of small delay
detect coverage values for all transition faults detected by said 5
test pattern set and a small delay defect coverage value rep-
resenting shift testable faults detected by said test pattern set.

20. The apparatus as recited in claim 18 further comprising
circuitry for determining a preferred test clock speed for said
test pattern set by varying a test clock period to be greater than 10
a system clock speed of said integrated circuit.
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